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How Do You Take Your Tea? Make a Simple Electronic Device

to Measure the Strength of Tea

Abstract

A nice hot cup of tea sure can wake and warm you up in the morning. In this science fair project, you will investigate the

chemistry of tea. The longer you steep a tea bag in hot water, the stronger the tea will be. But how does the strength of

the tea change with longer brewing time? In this food science project, you will make a very simple electronic device to

measure the strength of tea. The device will determine how strong the tea is by measuring the amount of light the tea

absorbs.

Objective

Determine how brewing time affects the strength of tea, using a simple homemade electronic device that measures light

absorption.

Introduction

Cooking and chemistry have a lot in common. When you make a cup of tea, for example, you are performing a sort of

chemical extraction. In chemical terms, the tea is an infusion. The hot water becomes dark, due to the presence of

water-soluble chemicals that are extracted from the tea leaves. The concentration of the extracted chemicals depends on

the temperature of the water and how long the tea is soaked in the water. The more water-soluble chemicals there are

in the water, the stronger the tea is. But how does the strength of the tea change with brewing time? Is tea that has

brewed for 4 minutes twice as strong as tea that has brewed for 2 minutes, or is it some other strength? The goal of this

science fair project is to collect data on how the strength of the tea depends on the brewing time.

To measure how strong the tea is, you will make a very simple device to measure the ability of tea to block light. The

device consists of a plastic cup, a multimeter, and a photoresistor. A multimeter is used to provide a numerical output

of the resistance. The photoresistor has special properties that change, depending on the level of light, and the

multimeter translates those changes into numbers. More specifically, a photoresistor is a special kind of resistor; it is a

resistor that is sensitive to light. A resistor is an electronic component that "resists" the flow of electricity. Resistors

come in various shapes and sizes, but each one is able to resist the flow of electrons. The unit for resistance is the ohm

(!). The larger the number of ohms, the greater the resistance. A 1,000-ohm resistor, for example, will block half as

much current as a 2,000-ohm resistor. A photoresistor typically contains cadmium sulfide. The cadmium sulfide in the

resistor responds to light by becoming more conductive. When the cadmium sulfide becomes more conductive, the

resistance of the photoresistor decreases.

In the dark, the photoresistor almost completely blocks the flow of electricity. When the photoresistor is in the light, its

ability to block the flow of electricity decreases. The resistance of the photoresistor decreases in proportion to the

amount of light to which it is exposed. Another way to say this is that the resistance increases in proportion to the

amount of light that is blocked. Since the amount of light that is blocked depends on the strength of the tea, the

resistance is proportional to the strength of the tea. Let's get started!

Terms, Concepts, and Questions to Start Background Research

Chemical extraction

Infusion

Multimeter

Photoresistor

Resistor

Ohm (!)

Cadmium sulfide

Conductive

Proportion

Short (electrical)

Negative control

Range

Questions

Which chemicals are responsible for the color of tea?

What are some common items that use photoresistors?
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Summer Science Camp Resource

Materials and Equipment

Plastic cups, clear, 12-oz. (6)

Aluminum foil

Permanent marker

Photoresistor, CdS (5-pack); available online from www.radioshack.com, catalog #: 276-1657

Electrical tape

Lamp or other source of light

Mugs (5)

Masking tape

Measuring cup, liquid, metric

Teapot or cooking pot

Tea bags (12); use a dark tea, such as Darjeeling or Assam.

Stopwatch or timer with second hand

Jumper leads, 14-inch insulated test/jumper leads; available online from www.radioshack.com, catalog #:

278-1156

Multimeter that reads resistance, such as the Equus 3320 Auto-Ranging Digital Multimeter; available online from

www.amazon.com

Lab notebook

Graph paper

Disclaimer: Science Buddies occasionally provides information (such as part numbers, supplier names, and supplier

weblinks) to assist our users in locating specialty items for individual projects. The information is provided solely as a

convenience to our users. We do our best to make sure that part numbers and descriptions are accurate when first

listed. However, since part numbers do change as items are obsoleted or improved, please send us an email if you run

across any parts that are no longer available. We also do our best to make sure that any listed supplier provides prompt,

courteous service. Science Buddies receives no consideration, financial or otherwise, from suppliers for these listings.

(The sole exception is any Amazon.com or Barnes&Noble.com link.) If you have any comments (positive or negative)

related to purchases you've made for science fair projects from recommendations on our site, please let us know. Write

to us at scibuddy@sciencebuddies.org.

Experimental Procedure

Making Your Light-measuring Device

Wrap the sides of one of the plastic cups with aluminum foil. Leave the bottom uncovered. Label it Plastic cup #1

with the permanent marker.

1.

Secure the aluminum foil with electrical tape. Use a minimal amount of tape to hold the aluminum foil in place.2.

Bend the wires on the photoresistor, where they are attached.3.

Tape the photoresistor under the cup, described as follows, and shown in Figure 1.

First cover the foil with electrical tape so that the metal wires from the photoresistor do not touch any foil

(Figure 1.A.). The foil would cause a short in the photoresistor.

a.

The part with the squiggly line should face into the cup. See Figure 1.C.b.

4.

Figure 1. A photoresistor is taped to the bottom of a clear plastic cup covered with

aluminum foil. The metal leads from the photoresistor are protected from the foil with

electrical tape (1.A.). The photoresistor is taped in place with electrical tape (1.B.). The

whole bottom of the cup is covered with electrical tape to hold the photoresistor in place and

to block stray light (not shown). The cup is turned over and taped to a waterproof counter.

The squiggly surface of the photoresistor (the light-sensitive side) faces the inside of the cup

(1.C.).

Tape the photoresistor in place with electrical tape. (Figure 1.B). If there is a dot or other obstruction in the

middle of the bottom, locate the face of the photoresistor away from the obstruction.

5.

Now cover the entire bottom of the cup with electrical tape. This will hold the photoresistor in place and block

stray light.

6.

Turn the cup right-side up.7.
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You will place the second plastic cup inside the cup with the photoresistor. Don't pour liquid into the cup with the

photoresistor attached.

8.

Use electrical tape to secure the cup with the photoresistor to a kitchen counter surface. The surface should be

waterproof.

9.

Place a lamp on the counter so that the light shines into the cup. If the cup can be illuminated with other kinds of

existing light in the room instead, such as track lighting, that is fine, too.

10.

It is very important that the light source stays the same for all of the tests. Once you start a series of tests, do

not move the lamp or change its brightness or position.

11.

Making the Tea

Label five mugs 1–5 with the masking tape and permanent marker.1.

The five mugs will hold the following samples:

Mug #1: Water only

Mug #2: Tea, 10-seconds (sec.) brewing time

Mug #3: Tea, 30-sec. brewing time

Mug #4: Tea, 90-sec. brewing time

Mug #5: Tea, 270-sec. (4 1/2 minutes) brewing time

2.

Heat water to boiling in a teapot. The temperature of the water should be the same for each test. Start each

sample with boiling water.

3.

Place a tea bag in mugs 2–5.4.

Pour 200 mL of hot water into the liquid measuring cup. The measuring cup is used to obtain accurate volumes for

each sample. The volume of the water should be the same for each test.

5.

Pour the hot water from the measuring cup into mug #1. Mug #1 is a negative control. Controls are samples

with known ingredients that should give clear results. They are used to test the procedure. In a negative control,

there should be no "signal." Plain tap water is a suitable negative control in this experiment, because it has no

tea.

6.

Pour 200 mL of hot water into the measuring cup.7.

Pour the hot water from the measuring cup into mug #2.8.

Remove and discard the tea bag after 10 seconds. Use the stopwatch to keep track of the time.9.

Re-boil the water to keep the starting temperature constant. Pour 200 mL of hot water into the measuring cup.10.

Pour the hot water from the measuring cup into mug #3.11.

Remove and discard the tea bag after 30 seconds.12.

Pour 200 mL of hot water into the measuring cup.13.

Pour the hot water from the measuring cup into mug #4.14.

Remove and discard the tea bag after 90 seconds.15.

Re-boil the water to keep the starting temperature constant. Pour 200 mL of hot water into the measuring cup.16.

Pour the hot water from the measuring cup into mug #5.17.

Remove and discard the tea bag after 270 seconds (4 1/2 minutes).18.

Allow all of the teas to cool to room temperature.19.

Measuring the Strength of the Tea

To keep the light constant, block any sources of sunlight. Be careful not to let your shadow affect the readings.1.

Attach the wires from the multimeter to the wires of the photoresistor. For more information about using a

multimeter, visit the Science Buddies page Electronics Primer: Using a Multimeter.

2.

Turn the multimeter on. Make sure the multimeter is set to measure resistance, and that the leads are in the

correct holes in the multimeter.

3.

Tape the wires from the multimeter to the surface of the counter to keep them in place.4.

Label five other plastic cups 1–5.5.

Pour the water from mug #1 into the empty plastic cup #1.6.

Place the plastic cup with the water in it into the cup with the photoresistor.7.

Read the resistance of the photoresistor with the multimeter. Remember to record all data in your lab notebook.

Note: You may need to experiment with the correct range.

8.
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Figure 2. Experimental setup for measuring the strength of tea. The multimeter is set to

read resistance. The cup in the middle has the photoresistor taped to the bottom. Two

samples are shown on the right side of the figure.

Repeat the readings for cups 2–5.9.

To get duplicate readings, measure the resistance for each cup again.10.

Repeat Making the Tea and Measuring the Strength of the Tea, with clean and fresh materials, at least two more

times. This ensures that your results are accurate and repeatable.

11.

Analyzing Your Results

Make a data table with the resistance readings for each sample.1.

Calculate the average resistance for each brew time.2.

Subtract the value of the negative control (cup of water) from the other values.3.

Graph the average resistance, in ohms, on the y-axis vs. time (in seconds) on the x-axis.4.

Discuss the shape of the curve. Is it a straight line or does it curve?5.

Variations

Try different temperatures of water to steep the tea. For example, 100°C, 50°C, 25°C, and 0°C, for 2 minutes.

Use the photoresistor to measure the strength of coffee. For example, brew a small pot of coffee with one, two,

three, or four scoops, keeping the volume of water constant.

Use the curve you made of Resistance vs. Time to determine how long an "unknown" sample was brewed.

Graph the log (base 10) of the Resistance vs. Time. What is the shape of this curve? See the entry in the

Bibliography about Beer's law to learn more about how the concentration of a chemical is related to the amount of

light absorption.

Develop a test to determine what photoresistor readings correspond to the best-tasting tea.

For more science project ideas in this area of science, see Cooking & Food Science Project Ideas.

Credits

David B. Whyte, PhD, Science Buddies

Last edit date: 2009-10-01 11:42:00

Career Focus

If you like this project, you might enjoy exploring related careers.
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Chemist

Everything in the environment, whether naturally

occurring or of human design, is composed of

chemicals. Chemists search for and use new

knowledge about chemicals to develop new processes

or products.

 

Electrician

Electricians are the people who bring electricity to our

homes, schools, businesses, public spaces, and streets

—lighting up our world, keeping the indoor

temperature comfortable, and powering TVs,

computers, and all sorts of machines that make life

better. Electricians install and maintain the wiring and

equipment that carries electricity, and they also fix

electrical machines.

Food Scientist or Technologist

There is a fraction of the world's population that

doesn't have enough to eat or doesn't have access to

food that is nutritionally rich. Food scientists or

technologists work to find new sources of food that

have the right nutrition levels and that are safe for

human consumption. In fact, our nation's food supply

depends on food scientists and technologists that test

and develop foods that meet and exceed government

food safety standards. If you are interested in

combining biology, chemistry, and the knowledge that

you are helping people, then a career as a food

scientist or technologist could be a great choice for

you!

 

Electrical & Electronics Engineer

Just as a potter forms clay, or a steel worker molds

molten steel, electrical and electronics engineers

gather and shape electricity and use it to make

products that transmit power or transmit information.

Electrical and electronics engineers may specialize in

one of the millions of products that make or use

electricity, like cell phones, electric motors,

microwaves, medical instruments, airline navigation

system, or handheld games.
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Join Science Buddies

Become a Science Buddies member! It's free! As a member you will be the

first to receive our new and innovative project ideas, news about upcoming

science competitions, science fair tips, and information on other science

related initiatives.

Register now.

Support Science Buddies

If this website has helped you, won't you consider a small gift so we may

continue developing resources to help teachers and students?

 

Print Policy

You can find this page online at:  http://www.sciencebuddies.org/science-

fair-projects/project_ideas/FoodSci_p058.shtml

You may print and distribute up to 200 copies of this document annually, at

no charge, for personal and classroom educational use. When printing this

document, you may NOT modify it in any way. For any other use, please

contact Science Buddies.

You must be logged in to view comments. Please log in and refresh the page.

 

It's free! As a member you will be the first to receive our new and innovative project ideas, news

about upcoming science competitions, science fair tips, and information on other science related initiatives.

Science Fair Project Home      Our Sponsors      Partners      About Us      Volunteer      Donate      Contact Us      Academic Outreach Partnerships      Site Map

Science Fair Project Ideas      Science Fair Project Guide      Ask an Expert      Blog      Teacher Resources      Parent Resources      Student Resources      Science Careers      Join Science

Buddies     

Copyright © 2002-2011 Science Buddies. All rights reserved.

Reproduction of material from this website without written permission is strictly prohibited.

Use of this site constitutes acceptance of our Terms and Conditions of Fair Use.

How Do You Take Your Tea? Make a Simple Electronic Device ... http://www.sciencebuddies.org/science-fair-projects/project_ide...

6 of 6 8/24/11 11:13 AM


